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(MRI)Abstract Purpose: This study aimed to determine the different sonographic and MRI findings in
surgically proven cases of ovarian torsion.
Patients & method: The study retrospectively enrolled 14 incidences of surgically confirmed ovarian
torsion. All patients had underwent US and MRI examination preoperatively. Retrospective review
of patients’ radiological images and reports was conducted looking for the presence of imaging fea-
tures of ovarian torsion.
Results: The most common findings in US and MRI were edematous enlarged ovary with periph-
erally displaced follicles and pelvic collection. Other common MR features included abnormal poor
ovarian enhancement. MRI also appeared to be useful in detection of tube thickening and twisted
pedicle which had different patterns increasing the reliability of ovarian torsion diagnosis.
Conclusion: It is critical to be familiar with ovarian torsion manifestations on the different imaging
modalities in order to expeditiously arrive to its diagnosis. The most common findings in US and
MRI were edematous enlarged ovary with peripherally displaced follicles and pelvic collection.
Other common MR features included abnormal poor ovarian enhancement. Also it appeared to
be useful in detection of tube thickening and twisted pedicle which had different patterns increasing
the reliability of ovarian torsion diagnosis.
 2016 The Egyptian Society of Radiology andNuclearMedicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Ovarian torsion is defined as partial or complete rotation of
the ovarian vascular pedicle resulting in obstruction to venous
outflow and arterial inflow (1). It is an infrequent but signifi-
cant cause of acute lower abdominal pain in females. It is
reported to be the fifth most common gynecologic emergencycondition encountered in adult female, with a prevalence of
2.7% (2).
A confident diagnosis and prompt surgical intervention are
required to save the adnexal structures from infarction; how-
ever, the clinical presentation is often nonspecific, misleading,
and overlapping with more commonly encountered entities,
with few distinctive physical findings, making the diagnosis
challenging and resulting in delay in surgical management (3).
Ultrasound (US) is the primary mode of evaluation of a
female patient with lower abdominal pain because it is nonin-
vasive, accessible, and cost-effective; however, it has a variable
but less sensitivity and specificity for diagnosis of torsion (1).
Color Doppler flow imaging offers correlation between
Table 1 Sonographic findings in ovarian torsion.






Ovarian enlargement 14 100






Ground glass stroma 8 57.1
Pathological mass 6 cystic 42.85
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blood flow patterns. It has been shown to be of value in the
evaluation of patients with acute pelvic pain (3).
With its high contrast resolution, its ability to provide good
tissue characterization, and its multiplanar imaging capabili-
ties, magnetic resonance imaging (MRI) is increasingly used
to evaluate pelvic pathology (4).
The aim of this study was to determine the different sono-
graphic and MRI findings in surgically proven cases of ovarian
torsion.
2. Patients & methods
2.1. Patients
For a period of 2 years, 13 patients with 14 incidences of ovar-
ian torsion (as one of the patients had two attacks of ovarian
torsion within 2 yrs interval), who were surgically proven as
having ovarian torsion in Ain Shams University Hospital, were
included in our study. All of them had underwent preoperative
gray scale and color doppler Sonography as well as MRI stud-
ies. Excluded from this study are cases of ovarian torsion with
incomplete or no sonographic or MR examinations. Retro-
spective review of patients’ radiological images and reports
was conducted looking for the presence of imaging features
of ovarian torsion. Consent was not required due to retrospec-
tive nature of our study.
2.2. Ultrasound technique
Gray-scale and color doppler US was performed in all patients
using a GE, LOGIQ 500, PRO series with 3.5 MHz curved-
array probe for transabdominal examination and 7.5 MHz
endovaginal probe for the endovaginal ultrasound examina-
tion. The later wasn’t done in virgin patient.
2.2.1. Data interpretation
We retrospectively reviewed the sonograms, assessing the fol-
lowing criteria: ovarian enlargement (by its size and volume),
superficial location of the ovary, peripheral displacement of
follicles, ground glass appearance of stroma center, patholog-
ical mass, and collection in cul-de-sac.
Using Color flow sonography, flow was assessed in a qual-
itative fashion for the central vasculature. Three patterns were
described: normal, decreased, or absent flow when compared
to contralateral ovary. Quantification of flow with peak sys-
tolic velocities or centimeters per second was not possible
because of the retrospective nature of this study. Additionally,
findings suggestive of twisted vascular pedicle were reviewed,
looking for the presence or absence of juxtra/extra ovarian
abnormally coursing vessels in the form of loops, coils or the
classically described whirlpool sign.
2.3. MRI techniques
MRI was performed on a 1.5-T superconductive magnet sys-
tem (Philips Achieva 1.5T SE), using SENSE XL Torso coil.
Before contrast injection the following sequences were done:
three-plane localizer; axial, sagittal and coronal T1 weighted
FSE; axial T2 weighted FRFSE fat saturation; coronal andsagittal T2 weighted FRFSE; axial, sagittal and coronal STIR;
and axial T1-weighted fat-suppressed sequence. Post-contrast
axial, coronal and sagittal T1 weighted images (T1 WIs) with
fat saturation were obtained after automatic injection of
1 ml/10 kg of Gadolinium at a rate of 1.5 ml/s.
2.3.1. Data interpretation
The scans were reviewed for the presence or absence of the fol-
lowing features: abnormal location of the ovary i.e. midline,
anterior or superior to the uterus, but not at ovarian fossa,
peripherally located follicles, stromal edema (evident by
increased T2 signal intensity, T2 SI), subacute hemorrhage
(evident by punctuate increased SI in T1 fat sat.), abnormal
decrease in ovarian enhancement, pathological mass (if cyst,
smooth wall thickening is looked for), ipsilateral uterine devi-
ation (the ovary looks near the uterine cornu), free pelvic col-
lection, peaking of the ovary into twisted pedicle, engorged
ovarian vessels, and finally findings suggestive of twisted vas-
cular pedicle as juxtra/extra ovarian target/whirlpool sign,
nodular or tubular structure (enhancing and of high SI in
T2WI).
2.4. Statistical method
Data were expressed as both number and percentage for the
categorical data (qualitative variable).
3. Results
Fourteen cases of surgically proven ovarian torsion were
included in this study. Patients’ ages ranged from 9 to 51 years
(the average 26.5 years). Ten patients (71.4%) were of repro-
ductive age (20–39 years), two were children (14.28%), and
two were postmenopausal (14.28%). All cases were not preg-
nant nor had ovulation induction. Right side involvement
was in 8 cases (57.1%) while left side was in 6 cases
(42.85%). Ovarian cyst was found in 6 patients (42.85%).
Tables 1 and 2 summarize the imaging findings of ovarian
torsion using US and MRI respectively.






Abnormal location of the ovary 4 28.57
Ovarian enlargement 14 100
Peripherally located follicles 12 85.7
Stromal edema 12 85.7
Subacute hemorrhage 0 0
Abnormal decrease in ovarian enhancement 14 100
Pathological mass 6 (cystic) 42.85
Ipsilateral uterine deviation 4 28.57
Free pelvic collection 10 71.4
Peaking of the ovary into twisted pedicle 2 14.28











Features of ovarian torsion 623Using gray scale US, ovarian enlargement was detected in
all patients (100%). The maximal ovarian dimension ranged
from 5.4 cm to 11 cm. Peripherally displaced follicles and
Cul-de-sac collection were both common findings, being found
in 10 patients (71.4%). Ground glass afollicular stroma was
noted in 8 patients (57.1%) (Fig. 1). Ovarian cyst was found
in 6 cases (42.85%). Superficial abnormal location of the ovary
was noted only in 4 cases (28.57%) (Fig. 2).
Using Color Doppler US, abnormal central vasculature
was found in 12 cases (85.7%): in 6 of them flow was absent
and in the other 6 it was decreased (Fig. 3). Normal flow
was seen in 2 cases (14.28%). The classic whirlpool sign was
depicted in 2 incidences only (14.28%), however abnormally
tortuous vessels in the form of coils and loops were found in
another 2 cases (14.28%) (Fig. 4).
Retrospective review of patients’ MR images revealed the
following: all scans (100%) showed ovarian enlargement and
abnormal decrease in ovarian enhancement after contrast
injection. Peripheral displacement of follicles with stromal
edema was seen in 12 cases (85.7%) (Fig. 5). Free pelvicFig. 1 Transvaginal US images from 51 yr old female with Lt ovarian
enlarged with peripheral displacement of the follicles. Note the groun
Color flow Doppler showing the absence of the ovarian vasculature.collection (Fig. 5B) and engorged ovarian vessels (Fig. 6A)
were elicited in 10 cases (71.4%) and 8 cases (57.1%) respec-
tively. Ipsilateral uterine deviation so that the ovary was seen
near uterine cornu was detected in 4 cases (28.57%) (Fig. 7).
Six patients (42.85%) had cystic ovarian mass but only 2
(14.28%) showed smooth wall thickening of the cyst
(Fig. 6B). Abnormal location of the ovary was noted in 4 cases
(28.57%). The classic whirlpool sign was depicted only in 2
studies (14.28%); however, juxtra ovarian nodular and tubular
configurations of the twisted vascular pedicle and thickened
tube were found in 2 and 4 incidences respectively (42.85%).
Two patients (14.28%) had peaking of the ovary into twisted
pedicle (Fig. 8). No subacute hemorrhage was detected within
neither thickened tube, hemoperitoneum, nor intraovarian.
4. Discussion
Ovarian torsion occurs when the ovary and its vascular pedicle
twist on its axis. This initially compromises the low-pressure
venous and lymphatic outflow, leading to ovarian edema and
enlargement. Over time, arterial circulation is compromised,
resulting in thrombosis up to ischemia and hemorrhagic infarc-
tion which may lead to complications as peritonitis and infer-
tility. Prompt diagnosis and surgical restoration of blood flow
may avoid irreversible adnexal damage and may preserve ovar-
ian function. However, because of nonspecific clinical and lab-
oratory findings, surgery is frequently delayed (5,6). Adnexal
torsion is reported to be the fifth most common gynecologic
emergency, with a prevalence of 2.7%. It occurs predomi-
nantly in women of reproductive age (2). The median age
reported in a large review was 28 years (7). This is close to
our result which was 26.5 years. It was previously reported
that 70% of cases is diagnosed in women between 20 and
39 years of age, few occur in postmenopausal women, and
about 15% of cases occur during infancy and childhood (8).
Similarly, our patients were 71.4% in reproductive age, chil-
dren and postmenopausal females were 14.28% each. We
found slight right-sided predominance (57%). This has also
been noted in other studies and is thought to be due to the
colons occupying the left side of the pelvic cavity (2,9). Torsion
of a normal ovary is unusual but is more common in adoles-
cents. Postulated causes include markedly mobile fallopian
tubes or mesosalpinx, elongated pelvic ligaments, fallopiantorsion. A: The appearance of normal Rt ovary. B: The Lt ovary is
d glass appearance of the central afollicular stoma (white arrow).
Fig. 2 Abdominal US images from 23 yr old female with Rt adnexal torsion. A: A large sized clear cyst (C) is noted. Note the adnexa is
readily detected under the anterior abdominal wall (white arrow) and above the urinary bladder (UB). B: Doppler examination revealed
the preserved intra-ovarian vasculature.
Fig. 3 Transabdominal US images from a 9 yr old girl with torsed Lt ovary. A: Note the enlarged Lt ovary in the absence of masses, its
maximum dimension was 6.2 cm, as well as the free pelvic collection (yellow arrow), the tiny peripherally arranged follicles and the central
afollicular stroma. B: Absent intra-ovarian vascularity by Color Doppler US.
Fig. 4 Images for twisted vascular pedicle on Color doppler US. A: The classic whirlpool sign. B: Abnormally coiled juxtra-ovarian
vessels (white arrow) nearby a large ovarian cyst (C).
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Fig. 5 MR images of a 51 year old female with Lt ovarian torsion. A: Axial T2 WI showing ovarian enlargement with peripheral
displacement of the follicle. Note the edematous bright afollicular ovarian stroma. B: Sagittal T2WI with fat suppression showing pelvic
collection.
Fig. 6 MR images from 23 year old patient with Rt adnexal torsion. A: Axial T1WI with fat suppression after contrast injection showing
engorged vasculature on Rt side (yellow arrow). B: Sagittal T2 W MR image showing a large superficially located unilocular ovarian cyst
(C) with eccentrically thickened antero-superior wall (red arrow). Note how the ovarian cyst is crossing the midline reaching the
contralateral posteriorly located normal Lt ovary (white arrow).
Features of ovarian torsion 625tube spasm, strenuous exercise, or abrupt changes in intraab-
dominal pressure (10,11). In this study, the 2 incidences of
ovarian torsion encountered in pediatric age were in the same
child with 2 years interval. This is likely attributed to anatom-
ical variations as no pathological mass was detected in both
incidences. Certain factors have been identified in the literature
as indicative of risk for ovarian torsion. These include the fol-
lowing: Large, heavy cysts and cystic neoplasms, such as
benign mature cystic teratomas, hemorrhagic cysts, and cys-
tadenomas commonly predispose the ovary to swing on its vas-
cular pedicle (3,12). The large cystic ovaries seen in ovarian
hyperstimulation syndrome are another predisposing factor
for torsion (13). Additionally, torsion rate is increased 5 times
during pregnancy due to large corpus luteal cyst in first trime-
ster. Conversely, it is rare to see ovarian torsion from cysts
smaller than 5 cm (14). In this study, 6 patients (42.85%)
had underlying large ovarian cysts (ranging from 7 to11 cm). However, all patients were nonpregnant nor had ovu-
lation induction.
The sonographic appearances of ovarian torsion are vari-
ables and closely related to the duration, degree of torsion,
and the presence or absence of an associated intraovarian mass
or hemorrhage (5,13). The following is the reported spectrum
of sonographic findings in torsion: The most constant finding
is ovarian enlargement (15), which is defined as a maximal
ovarian dimension of more than 4.0 cm or volume greater than
20 cm3 in a premenopausal woman and greater than 10 cm3 in
a postmenopausal woman (1). This was true in this study;
ovarian enlargement was observed in all patients with maxi-
mum dimension ranging from 5.4 cm to 11 cm. Additionally,
in up to 74% of cases, US may demonstrate multiple small
(up to 25 mm), uniform cysts aligned in the periphery of the
engorged ovary. This is likely secondary to follicles that have
been displaced to the periphery due to the marked edema
Fig. 7 (A and B) MR images from two different patients with Lt ovarian torsion showing uterine (UT) deviation so that the torsed ovary
is seen near the uterine cornu (white arrows). Also note poor ovarian enhancement in Axial T1WI with fat suppression after contrast
injection (A).
626 R.M. Khalil, L.R. El-Dieband venous congestion (13,16,17). This classic appearance was
also common in our study (71.4%). Although peripherally
arranged follicles may be seen in normal ovaries of fertile
women and in patients with polycystic ovary disease and are
not solely diagnostic of ovarian torsion, however their pres-
ence in the setting of pain with a unilaterally enlarged ovary
is helpful and was described as being the specific finding in
diagnosing ovarian torsion (13). Free pelvic fluid in the cul-
de-sac, is another US feature that had been detected in up to
87% of cases of ovarian torsion (3,13,16). It was suggested that
this is a late finding and usually associated with hemorrhagic
ovarian tissue (18). This was noted in 71.4% of our cases.
Ground glass appearance of the central afollicular stroma
was suggested to be an early sign due to parenchymal edema.
This was observed almost in half of our patients. Moreover,
ALbayram & Hamper (2001) suggested that heterogeneous
parenchyma of the ovary is late sign and is due to significant
ovarian necrosis (3). Though the ovaries are highly mobile,
they usually lie alongside the lateral wall of the uterus in the
ovarian fossa on the posterior wall of the true pelvis. If the
ovary is enlarged edematous and seen readily superficial using
transabdominal US in female with acute pelvic pain, possibil-
ity of a torsed ovary should be considered (19). This was noted
only in 4 cases of our patients (28.57%). Normally the vascular
pedicle of the ovary, which connects the ovary with the uterus,
has either a straight or a tortuous course on sonography.
Twisted vascular pedicle is the rotation site of the vascular
pedicle itself and at gray-scale US it is typically an echogenic
round or beaked mass with multiple concentric, hypoechoic,
and target-like stripes. This can also be visualized as an ellip-
soid or tubular mass with internal heterogeneous echoes,
depending on the plane of orientation (12). At color Doppler
sonography of the twisted vascular pedicle, visualization of cir-
cular or coiled vessels is the classic whirlpool sign (3,12).
Although this sign is specific for ovarian torsion, yet it had
been variably reported as seen in 13–88% of patients with
ovarian torsion (3,12,20). In this study, the classic whirlpool
sign was depicted in 2 incidences only in all cases (14.28%),
and abnormal coils and loops were found in another two
(14.28%). Some explanations for why the diagnostic whirlpool
sign is not reliably identified at US were proposed. Lourenco &his colleagues (2014) suggested that this may be due to over
magnification of the ovary on sonographic images, thereby
excluding the twisted vascular pedicle from the field of view
(21). Lee et al. (1998) reported that false negative whirlpool
was due to technical difficulty in cases with small twisted pedi-
cle, torsion of less than 360 degrees, or if transabdominal US
was used in virgin and pregnant cases (12).
Although Doppler ultrasound is commonly used, however,
its value in ovarian torsion diagnosis is limited due to the dis-
crepancy of its manifestation which could be due to the follow-
ing: variation in the completeness of the vascular obstruction,
intermittent torsion, the fact that ovary has dual blood supply
by 5–10 branches (the ovarian artery from the aorta and the
ovarian arterial branches from the uterine artery), and finally
venous thrombosis due to torsion leads to symptoms and ovar-
ian necrosis before arterial thrombosis occurs (3,22). Multiple
studies have shown variable flow abnormalities. Albayram &
Hamper (3) recorded the absence of arterial flow in 73% cases.
Another study showed normal flow in 60% cases (23). Other
expected changes are decreased/absent venous flow, and
absent/reversed diastolic flow. Hence, Doppler is considered
as an unreliable indicator of torsion (19). In this study, flow
changes couldn’t be reliably assessed by pulsed Doppler due
to our study style; however, color Doppler changes in compar-
ison with contralateral normal ovary were evaluated: abnor-
mal central vasculature was found in 85.7%, in the form of
absent and decreased flow, yet normal flow was seen in
14.28%. Nevertheless, the utility of color doppler may be in
determining the preoperative viability of the ovary. In a study
by Fleischer et al. (24), nonviable twisted ovaries demonstrated
the absence of central intraovarian venous flow. Contrary,
viable twisted ovaries showed the presence of central vascula-
ture. This finding has yet to be confirmed in other studies
(3,25). In our study, the viability of ovarian tissue couldn’t
be evaluated because exploration was not always done imme-
diately after US examination.
Magnetic Resonance Imaging (MRI) is not commonly
employed as a first-line imaging study in suspected torsion,
but can be very helpful in pregnant patients with an inconclusive
US or as a problem solver in equivocal cases. Features of tor-
sion onUS, are also seen onMRI, even some of which are better
Fig. 8 T1WI with fat suppression after contrast injection MRI images from different patients with ovarian torsion showing different
features of twisted pedicle and thickened tube. A: Twisted Lt ovary is enlarged poorly enhancing unlike the normal Rt one. Anodular
whorled like mass (yellow arrow) is seen abutting the anterior aspect of the Lt ovary representing the twisted pedicle. B & C: An 11 year
old girl with Rt adnexal torsion. Note the coma shaped (yellow arrow) twisted Rt vascular pedicle in B and at lower next scan C it looked
like tubular structure (yellow arrow). D: Sagittal scan showing the decreased ovarian enhancement with small peak like protrusion (yellow
arrow) extending from lower aspect of the enlarged ovary to engorged pelvic vessels. E: Torsed Rt adnexia with unilocular thin walled
ovarian cyst (C) which is abnormally superficially located in the midline. Note the twisted spiral vasculature within amorphous tubular like
mass at Rt side (yellow arrow).
Features of ovarian torsion 627depicted with MRI as it offers better soft tissue contrast (21).
MRI can demonstrate with higher clearness the enlarged ovary
with edematous appearance, demonstrating increased signal
intensity from the stroma on T2 WI, as well as the peripheral
follicles distribution (better characterized on T2-WI without
fat saturation) (26). All our patients showed ovarian enlarge-
ment and most of them displayed stromal edema and string
appearance of the peripheral follicles in T2WI. MRI also offers
well characterization of ovarian masses which may allow its
definitive diagnosis (21). In Rha’s et al. study (2002), the com-
mon findings in adnexal torsion were evaluated in 25 patients.
They found 84% of cases had tube wall thickening (>10 mm)
due to edematous congestion. It may manifest together with
the vascular pedicle as an amorphous solid or tubular mass-
like structure, has a target-like appearance, or may manifest
as a beak-like protrusion from superiorly located adnexal mass
toward the inferiorly located uterus (22). The identification ofthe pathognomonic ‘‘wirl sign” representing the twisted ovarian
pedicle around its axis is not frequent (less than 33%) and
hardly definable (26). We found adnexal thickening in 71.4%.
Tubular configuration was seen in 28.57% while nodular and
target appearances were seen in 14.28%, as well as for peaking
of the ovary. Other findings in Rha’s study (2002) included
eccentric or concentric smooth wall thickening >3 mm of the
twisted ovarian cystic mass (76%), ascites (64%), and uterine
deviation to the twisted side (36%) (22). Eccentric smooth wall
thickening of twisted cyst was found in 14.28%, pelvic collec-
tion was seen in 71.4%, and uterine deviation was seen in
28.57%. The presence of a subacute hematoma is highly associ-
ated with infarction and secondary necrosis of the involved
ovary. It is best detected on T1-WI with fat saturation where
blood products may form hyperintense rim around ovarian
hematoma. Although subacute hemorrhage can be seen in an
ovarian mass without torsion (e.g., hemorrhagic cysts,
628 R.M. Khalil, L.R. El-Diebhypervascular primary ovarian tumors, and necrotic metas-
tases), the T1-hyperintense rim of a subacute hematoma within
an enlarged ovary in a woman presenting with acute pelvic pain
should prompt additional imaging maneuvers necessary to
increase diagnostic certainty and initiate the appropriate gyne-
cologic evaluation (26). Additionally subacute hemorrhage can
be seen within the thickened tube or as hemoperitoneum (22).
The contrast-enhanced phase may demonstrate engorged blood
vessels around the adnexa, a finding consistent with the typical
vascular congestion (27). In this study, engorged pelvic vascula-
ture was found in 57.1%. The presence of an abnormally
contrast-enhanced ovary represents another sign suggestive of
the diagnosis. In general, a heterogeneous, minimal or absent
enhancements indicate the progression of ovarian torsion to
ischemia or necrosis, but the presence of a normal contrast-
enhancement of the ovary does not rule out such possibility,
since, even in those cases, the arterial supply may be preserved
(26). In our study, all the reviewed scans showed abnormal
decrease in ovarian enhancement.
Imaging offers relatively less details regarding the viability.
Central vascularity demonstrated on Doppler and normal
ovarian enhancement post-contrast can aid in predicting the
viability; however, no study is available for consensus. Irre-
spective of the ovarian viability, any torsion is surgically trea-
ted, and viability is assessed on table and decision taken
accordingly for ovarian preservation (22). Recently Kato
et al. (2014) suggested that Diffusion-WI might aid in predict-
ing infarction of the ovary. They found that Apparent Diffu-
sion Coefficient (ADC) values were significantly lower in
patients with ovarian torsion with hemorrhagic infarction than
those without infarction (28). However, more studies are war-
ranted to confirm the role of diffusion in adnexal torsion.
Our study has some limitations. The study population was
small because torsion is infrequently encountered and we eval-
uated findings from cases at one institution; additionally corre-
lation with ovarian tissue viability wasn’t possible due to
lagging time between imaging and surgical interventions in
some cases. However, all patients underwent both US and
gadolinium-enhanced MRI.
5. Conclusion
It is critical to be familiar with ovarian torsion manifestations
on the different imaging modalities in order to expeditiously
arrive to its diagnosis. The most common findings in US and
MRI were edematous enlarged ovary with peripherally dis-
placed follicles and pelvic collection. Other common MR fea-
tures included abnormal poor ovarian enhancement. Also it
appeared to be useful in detection of tube thickening and
twisted pedicle which had different patterns increasing the reli-
ability of ovarian torsion diagnosis.
6. Recommendation
 Further studies as DWI and perfusion MRI should be con-
sidered for evaluation of ovarian viability.
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